[Background] The hippocampus presents a challenge in terms of accessibility due to its location in the caudomedial telencephalon. The embryonic hippocampus is even more inaccessible, requiring in utero surgical methods for experimental manipulation. Organotypic slice cultures circumvent this problem and at the same time retain many aspects of hippocampal field cytoarchitectonics, including molecular features and connectivity. While there are protocols that describe postnatal culturing of hippocampal explants from rodent brains (Stoppini et al., 1991; Opitz-Araya and Barria, 2011) these do not include genetic manipulation of the cells. The preparation of organotypic explants from the embryonic mouse hippocampus was first described in Tole et al. (1997) . We extended this protocol by introducing ex-vivo electroporation of the embryonic brain prior to preparing the organotypic slices. Electroporation of the intact brain after introducing DNA into the telencephalic ventricle ensures that cells residing in and near the ventricular zone are targeted, and therefore provides an excellent means of inducing transgenesis in hippocampal progenitors. Data using this protocol were published in Subramanian et al. (2011) . Here, we present detailed step-wise instructions including experimental 'dos and don'ts', and also illustrate key steps using photographs and movies, to aid new researchers in setting up this useful procedure.
2) Spatial control can be achieved by orienting the electrodes to target the hippocampus or different areas of the cortex.
3) Cre-mediated recombination can be employed by electroporating Cre-GFP into embryos carrying the desired floxed alleles. 4) Overexpression constructs can be electroporated. 5) Embryonic lethal strains can be accessed by performing the procedure in the window of viability, and then further development can proceed in the organotypic explant.
Materials and Reagents

Plastic Pasteur pipettes:
3 ml (P-3) and 2 ml (P-1) (Taurus Biomedical) (1.5 ml pipette), #2 (2 ml pipette), #3 (3 ml pipette) prepared by cutting #4 as shown. The cut is made just at the point where the pipette shaft diameter begins to taper, approximately 2 cm from the tip. B. Beaker with pipettes being sterilized in alcohol. Copyright A. Set-up (pre-preparation)
Note: All steps after harvesting the embryos are performed in a horizontal flow hood.
1. Wipe the surface of the tissue culture hood with 70% ethanol.
2. Pour 70% ethanol into a 200 ml glass beaker and sterilize pipettes #1, #2, and #3 by aspirating the ethanol all the way into the bulb and then ejecting it out. Allow the residual ethanol to drain.
Wash the pipettes with L-15 medium to remove traces of ethanol and keep standing in a sterile
empty beaker near the dissection microscope for easy access.
4. Place dissection instruments in a plastic tray containing 70% ethanol for 10 min, and then dry before using. Place in sterile tray for easy access during the procedure.
Keep approximately six 35 mm
Petri dishes filled with L-15 on ice.
6. Add 1.25 ml of DMEM medium in the required number of wells of a 6-well tissue culture plate.
Using a sterile forceps place one sterile cell culture insert per well. Transfer the 6-well plate to a 37 °C incubator to prewarm the medium. Typically, 5-8 organotypic explants can be accommodated on one cell culture insert depending on the embryonic stage.
B. Preparation for injection 1. Prepare 2 µg/µl of pCS2-EGFP plasmid (or any desired plasmid) in nuclease-free water. Lightly touch some fast green dye with the micropipette tip and introduce it into the DNA solution and mix. This enables visualization of the DNA solution during and after injection.
2. For preparation of glass capillaries, set the capillary puller to one-step pull at a temperature of 62.5 °C.
3. Pull capillaries using the puller and place them in a Petri dish on a capillary holder. 
D. Electroporation and organotypic slice preparation
A summary cartoon illustrating the overall procedure is shown in Figure 2 , together with a sample organotypic explant at the end of the culture period. Flush 100% ethanol over the blade using a squirt bottle and let the set-up dry.
2. Wipe the paddle electrodes with ethanol and connect them to the electroporator. Figure 3A . The ventricles are hollow, and can be identified by their darker appearance, and the decrease in resistance when the micropipette punctures the neuroepithelium and enters the ventricle. It is recommended to perform unilateral injection and electroporation, however, the dye-DNA solution may sometimes diffuse into the connected contralateral ventricle (see Figure 3B ). This is normal and does not affect the experimental setup. Fill the lateral ventricle with the solution until the dye reveals that the ventricular cavity is filled (see Figure 3B ). Approximately 5-10 µl of solution can be injected into the ventricles depending on the age of the embryo used. Since the DNA is injected into the ventricles, the cells which have the best access to the DNA are the ventricular zone cells, which consist of dividing neuronal progenitors. This is the main population that is electroporated (Saito, 2006) . 9. Place the hemisphere on the tissue chopper such that the medial face is in contact with the white disc on the stage, and the lateral (neocortex) faces up. Using pipette #1 gently remove excess medium. Excess medium will cause the hemisphere to wobble during the next step (chopping). While siphoning off the excess medium, orient the hemisphere's rostro-caudal axis orthogonal to the blade so that coronal sections will be obtained (the olfactory bulb needs to point either right or left, not towards or away from you as in Figure 4 ). 11. The hemisphere will look like a loaf of sliced bread ( Figure 5A ). Turn the hemisphere over, so that the medial side faces up. Prod gently to release finger-like protrusions from the medial side that are individual slices of the hippocampus. Use the fine forceps to sever the hippocampus from the neocortex (dotted lines, Figure 5A ). Collect hippocampal slices in a fresh 35 mm Petri dish containing ice cold L-15 medium. re-oriented and labeled. CA1, CA3, hippocampal fields. DG, dentate gyrus. Scale bar = 500 µm.
www 2764 12. Remove the 6-well dish containing the cell culture inserts from the incubator and place under the dissection microscope ( Figure 6 ).
Figure 6. 6-well tissue culture dish with cell culture insert
13. Using pipette #2 take up 5-6 hippocampal explants with some L-15 medium. Place the explants onto the filter disc one by one by gently applying pressure on the bulb of the pipette so that only one explant is dispensed, each in its own droplet of L-15 medium ( Figure 7A ). Use pipette #1 to gently aspirate out excess medium and use the fluid flow generated by the aspiration to gently position the explants so they do not touch each other and also do not stick to the walls of the cell culture insert ( Figure 7B ). There should be enough medium to keep explants from drying out but excess medium should be avoided to prevent explants from folding or floating away ( Figures 7C and 7D) . The explants will not dry; they can access the DMEM medium in the well through the filter. 
Data analysis
This ex-vivo electroporated hippocampal organotypic preparation can be used to assess whether neurons or glia are generated from progenitors. The presence of GFP-expressing axons in the fimbria is indicative of neurogenesis. See Subramanian et al. (2011) , Figure 5 , for images of explants electroporated with neurogenic or gliogenic constructs. These explants can also be immunostained for cell type-specific markers and analyzed for the distribution of excitatory/inhibitory neurons or glia as required.
Notes
1. Reproducibility and variability: The extent of electroporation is variable, but can be made more reproducible with practice. The key issues to pay attention to are the angle of the electrodes and how carefully one holds the brain i.e., the contact of the tissue with the paddle electrodes.
The brain needs to be completely submerged in the medium during the electroporation.
Technical tips and cautionary points:
www.bio-protocol.org/e2764 b. Being able to identify 'good' hippocampal finger-like protrusions in a chopped brain also comes with practice. Typically, easy-to-recognize hippocampal morphology is seen at the caudal end of the chopped brain, whereas explants prepared from more medial locations are recognizable only by a tiny fimbria. A good rule of thumb is that if it doesn't have a fimbria, it's probably not a hippocampal explant, but a curved piece of neocortex masquerading as a hippocampus.
c. The cell culture inserts fit best in a 6-well plate. Do not try to use individual 35 mm dishesthey don't have the requisite height. The dish will not close properly, so the medium will dry or become contaminated. 
